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Abstract 
The energy penalty associated with solvent absorption based Post Combustion CO2 Capture is one of the main stumbling blocks 
for the implementation of this technology into new and existing fossil-fired power stations. Modifying the flow sheet of the 
standard chemical absorption process can allow for reductions in the energy and resource usage of such plants. A review of the 
open and patented literature highlighted modifications, predominantly related to applications in the gas processing industry. 
These modifications were modelled using commercially available rate based simulation software. This allowed the expected 
energy consumption of a CO2 capture pilot plant, based in Australia, to be estimated. The modelling results pointed towards the 
optimal conditions for each modification. Selected modifications were then added together to determine whether any synergistic 
effects could be observed. The split flow process was found to have one of the highest energy savings (reduction in reboiler duty) 
over the reference plant. Adding inter-cooling on the absorber column with splitting of the rich solvent stream entering the 
stripping column showed a reduction in reboiler duty slightly greater than anticipated based on the results of the individual 
modifications. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
Post Combustion Carbon Capture is gaining a lot of attention as a method for reducing the emission of CO2 from 
stationary sources such as fossil based power stations. This is because it: 
• Is a low technology risk - capture of CO2 has been done for many years in the gas processing industry 
• Is an end-of-pipe technology - can be easily integrated into new and existing power stations 
• Can be of modular design - allows for staged implementation 
• Allows for variable CO2 capture - allows power stations to follow load 
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• Allows retention of corporate knowledge and avoids stranded assets - in Australia, 80% of electricity 
generation is from coal. 
  However, there are still issues with the implementation of the standard chemical absorption based technology 
into low pressure combustion flue gas applications, namely: 
• High capture cost 
• Electricity cost increase 
• Loss of generation efficiency 
• Has not yet been demonstrated in integrated power plant scale 
• Conventional process is sensitive to O2, SOx and other flue gas constituents 
• Large increase in cooling water requirements.  
Lowering the energy penalty of the standard process is one method to reduce the loss of generation efficiency 
experienced by the power stations when this technology is implemented. This can be achieved by incorporating 
process modifications to the flow sheet of the standard chemical absorption process. A review was undertaken1 of 
process modifications that had been suggested in the open and patented literature. This review highlighted several 
options that are currently available for trial. However, the modifications highlighted by the literature review were 
generally based on applications in the gas processing industry, and it is not immediately clear whether the same 
benefits can be extended to the capture of CO2 from near atmospheric pressure flue gases. As such, modifications 
highlighted by the review were modelled using commercially available rate-based simulation software. The process 
modelling was based on a CO2 capture pilot plant designed by the CSIRO. This plant, located at Tarong Power 
Station in Queensland, Australia, has been designed to be as flexible as possible to allow these process 
modifications to be experimentally verified.  
A Process Flow Diagram (PFD) of the pilot plant in its standard configuration is given in Figure 1. The flue gas 
entering the pilot plant was assumed to be at 136oC and 1 bara pressure. The volumetric composition of the glue gas 
was taken to be 8% H2O, 14% CO2, 72% N2 and 6% O2. The flue gas enters the pre-treatment column where a water 
wash is used to saturate the gas and reduce its temperature to approximately 45oC. The flue gas then enters the 
absorption column where is it contacted counter-currently with a solution of 30 wt% MEA. The lean solvent flow 
rate was varied until 85% capture of the CO2 in the flue gas was achieved. CO2 lean flue gas leaving the absorption 
column enters a wash section. Here the wash water rate is varied to maintain the water balance of the system, and to 
lower the MEA slip to an acceptable value of 1 ± 0.05 ppmV (this is the procedure used at the pilot plant). CO2 rich 
solvent from the absorber column then enters the stripping column where it is heated by the reboiler at the base of 
the column. CO2 and steam from the stripping section pass into a condensate reflux section at the top of the column 
before being cooled in the condenser, with condensed water being recycled to the top of the stripping column.  
Pumps and blowers were assumed to operate with an efficiency of 75%. 0 bar pressure drop was assumed across 
all heaters and coolers. A 0.1 bar pressure drop and a temperature approach of 10oC was assumed across the 
lean/rich heat exchanger. Pressures of 1.1 bara and 1.8 bara were assumed in the bottom of the absorber and stripping 
columns respectively based on pilot plant data. The pressure drop along the length of the columns was calculated by 
the modelling software. In the stripping column, the reboiler and condenser were set to have a pressure drop of 0 
bar. The condenser temperature was set to 40oC, with 100% of the reflux stream being returned to the top of the 
stripping column. 
The pre-treatment column is 450mm diameter and contains 2.7m of 1 inch Pall rings. The absorber column is 
350mm diameter. The absorption section and wash section of the absorber column contain 7.1m and 1.3m of 
Mellapak M250X structured packing respectively. The stripping column is 250mm diameter and contains 7.2m of 
Mellapak M350X structured packing, with a further 1m in the condensate return at the top of the column. 
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Figure 1: Process Flow Diagram of the Tarong CO2 capture pilot plant. 
Modifications highlighted by the literature review included: split flow process, rich split process, heat integration, 
absorber inter-cooling, and vapour recompression concepts. A full description of these concepts has been provided 
in our previous article1,2, and so is not repeated here. Modelling results of the individual modifications applied to the 
Tarong pilot plant have been reported in our recent paper2. When modelling the stand-alone modifications, various 
process conditions were altered (lean loadings, solvent flow rates, split fractions etc…) to determine the optimum 
operating condition for each modification. This was taken to be the set of conditions for which the reboiler duty was 
a minimum, whilst capturing 85% of the CO2.  
Modifications were then added together to determine whether any synergistic advantages could be observed for 
the combined process. These combined modifications were modelled using the same assumptions as used previously 
for the individual modifications. Conditions were again altered until a minimum in reboiler duty was achieved, and 
the results are presented here.     
2. Results 
2.1. Absorber inter-cooling with added rich split 
Inter-cooling on the absorber column provides benefit by maintaining the solvent in the column at optimal 
temperatures for CO2 absorption1,2,3. This modifies the equilibrium based driving force for absorption within the 
column, potentially allowing higher CO2 loadings in the rich solvent to be achieved. This allows lower solvent flow 
rates, and reboiler duties to be achieved. Inter-cooling at the bottom and middle stages was found to provide the 
highest reduction in reboiler duty with the least addition of units. Due to the cooler absorber temperatures, the 
absorber wash section could not be used to regulate the water balance of the solvent system. Instead, excess water 
was removed from the stripping column reflux and recycled to the absorber wash section. This also reduced the 
amount of water needed in the absorber wash section.  
The rich split option takes advantage of the steam flashed from the hot rich solvent as it enters the stripping 
column1,2,4. This is then able to pre-strip cold rich solvent entering above, lowering the amount of stripping steam 
that needs to be provided and hence reboiler duties. Splitting 30% of the cold rich solvent to the top of the column 
was found to provide the largest reduction in reboiler duty.  
Adding the inter-cooling and rich split options together is highlighted in Figure 2. 
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Figure 2: Diagram of inter-stage cooling on absorber column coupled with rich split 
2.2. Split flow process with added rich split 
In the split flow process, semi-rich/lean solvent is recycled between the absorber and stripping column mid-
sections1,2,5. For the Tarong pilot plant model, moving the attachment point for the split flow on the absorber column 
from the mid-point to the lower stage improved the % capture achieved. This is because in the absorber the split 
flow process provides a similar benefit to that achieved with inter-cooling. Hence lower in the column where CO2
partial pressures are higher, lowering the equilibrium partial pressure by cooling the liquid has a greater effect on 
increasing the driving force for CO2 absorption.  
In the stripping column, the split flow process has a similar benefit to that achieved when splitting the rich 
solvent stream as mentioned above. Steam flashed from the solvent added at the column mid-section is able to 
provide some additional stripping steam for the solvent added higher up in the column.  
Removing 75% of the semi-rich/lean solvent from the columns was found to give the largest reduction in reboiler 
duty. 
Figure 3: Diagram of absorber and stripping columns incorporating split flow process with additional splitting of the rich solvent stream 
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2.3. Comparison 
Results obtained from the modelling work completed for the additive processes are outlined in Table 1 below. 
This table includes data from previous paper2 on the individual modifications, updated with the latest version of 
modelling software (ProTreat 4.0), for comparison. 
Table 1 Overview of process modelling results for the process modifications considered in this study 
Process modification  reference rich split 
inter-
cooling 
split 
flow 
rich split with 
inter-cooling 
split flow with 
rich split 
Lean solvent flow rate kg/hr 1548 1623.6 1425.6 1274.4 1674 1173.6 
Semi-lean solvent flow rate kg/hr - - - 1227.6 - 1134 
Rich solvent flow rate kg/hr 1609.2 1684.8 1530 1584 1789.2 1465.2 
Semi-rich solvent flow rate kg/hr - - - 993.6 - 918
Lean loading mol/mol 0.1767 0.1883 0.172 0.1624 0.2162 0.1582 
Semi-lean loading mol/mol - - - 0.4259 - 0.3826 
Rich loading mol/mol 0.4893 0.4866 0.5113 0.5062 0.5067 0.5003 
Semi-rich loading mol/mol - - - 0.4736 - 0.4751 
Lean solvent concentration wt% 30-30.9 30-30.8 30-30.3 30-30.8 30 30-30.8 
Semi-lean solvent concentration wt% - - - 23.6 - 23.43 
Rich solvent concentration wt% 28.9 28.9 27.9 24.3 28.1 24.13 
Semi-rich solvent concentration wt% - - - 28.8 - 28.76 
Solvent slip ppmV 0.98 0.98 1.01 0.98 1 1.02 
Reboiler duty kW 103.2 94.4 98.3 90.6 86.4 85.2 
MJ/kg CO2 3.55 3.24 3.39 3.11 3.41 2.93 
Reboiler duty saving over reference %   8.5 4.7 12.2 16.3 17.4 
Total cooling duty requirement kW -113.5 -105.7 -113.0 -103.5 -103.8 -99.4 
Cooling duty saving over reference %   6.9 0.5 8.8 8.5 12.4 
Pumps W 47.3 49.4 44.8 73.9 51.6 68.7 
Blower W 1509.9 1509.9 1509.9 1509.9 1509.9 1509.9 
Total electrical power requirement kW 1.56 1.56 1.55 1.58 1.56 1.58 
Electrical power saving over reference %   -0.1 0.2 -1.7 -0.3 -1.4 
Note: A negative saving indicates an increase over the reference case. 
As can be seen in Table 1, the split flow process gives one of the highest potential energy savings, and also a 
reduction in cooling duty, however there is a slight increase in the power requirement of the plant over the reference 
case. The rich split and inter-cooling modifications give smaller savings in reboiler duty. When added together, the 
inter-cooling and rich split options provide additional benefit, slightly more than would be estimated from simply 
adding the two benefits together. Adding the rich split and split flow modifications together however only provides a 
slight additional benefit. To understand why these benefits occur, the absorber and stripping columns were studied 
in more detail. This is outlined in the discussion section 
3. Discussion 
In order to understand the cause of the reduced reboiler duty achieved with the individual and added process 
modifications, the absorber and stripping columns were studied in more detail. As mentioned previously in the 
results section, the benefit of the inter-cooling and split flow processes comes from the increase in the equilibrium 
driving force (difference between equilibrium and operating CO2 partial pressure) obtained in the absorber column 
from the more optimal temperature profile. This is highlighted in Figure 4 which shows the equilibrium and 
operating CO2 partial pressure profiles for each modification along the length of the absorber column.  
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Figure 4: Dashed line (em) – equilibrium CO2 partial pressure, solid line (op) – operating CO2 partial pressure (1) reference, (2) inter-cooling, (3) 
rich split, (4) split flow, (5) rich split with inter-cooling, and (6) rich split with split flow.  
As can be seen in Figure 4, the inter-cooling and split flow modifications significantly shift the equilibrium CO2
partial pressure profile in the absorber column, increasing the driving force for CO2 absorption. Adding the rich split 
modification to absorber inter-cooling and the split flow process allows a slight further reduction in the equilibrium 
CO2 partial pressure profile in the lower stages of the absorber.   
In the stripping column, the benefit of the rich split and split flow processes comes from the pre-stripping that is 
able to occur. This is highlighted in Figure 5, which shows the CO2 vapour mass flow rate along the stripping 
column predicted for the various process modifications.  
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Figure 5: CO2 vapour mass flow rate along the stripping column for various process modifications (1) reference, (2) inter-cooling, (3) rich split, 
(4) split flow, (5) rich split with inter-cooling, and (6) rich split with split flow 
As can be seen in Figure 5, the split flow modifications promote flashing of CO2 in the midpoint of the column. 
In addition, the rich split options promote further release of CO2 in the top condensate section. When the rich split 
and inter-cooling modifications are added together, the flashing of CO2 that occurs on entering the stripping column 
is increased, likely resulting from the higher loadings obtained as a result of the inter-cooling on the absorber 
column. This benefit could explain the slightly higher than expected reduction in reboiler duty achieved when these 
two modifications are added together.  There does seem to be some re-absorption of CO2 occurring in the upper 
stages of the stripping column with the rich-split modifications, and this will require further investigation. 
4. Conclusions 
The split flow process was found to give one of the highest savings in reboiler duty. Adding the rich split and 
inter-cooling options together showed similar benefits. The reduction in reboiler duty achieved when adding the rich 
split and inter-cooling modifications together was slightly higher than anticipated based on the savings of the 
individual modifications. This is due in part to the promoted flashing of CO2 that occurs on entering the stripping 
column when the modifications are added together. This is likely due to the increased loading achieved as a result of 
the inter-cooling. Adding the rich split modification to the split flow showed only a slight further improvement in 
reducing reboiler duty.  
This work has highlighted process modifications available for trial and their potential benefit when applied to a 
post combustion carbon capture pilot plant. The next step is to experimentally verify the modelling results reported 
here.  
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